The following Papers were i*ead In a paper laid before the Royal Society three years ago,* I gave an account of a specimen of volcanic dust, or so-called ash, from the eruption of Cotopaxi of July 22nd and 23rd, 1885, in which ash silver was found to be present in minute quantity, that being the first instance in which this metal had been detected among the materials ejected from volcanoes. The specimen was sent me by my friend and former pupil Senor Julio R. Santos, of Bahia de Caraguez, Ecuador.
In his letter accompanying it, dated March 8th, 1886, he said, " On the U th and 12th of January there was a terrific eruption from Mount Tunguragua. It is more than a century ago since the last eruption of this volcano." I requested Senor Santos to procure for me if possible some of the ash from this unexpected outburst of Tunguragua, which he kindly promised to do, and at once took steps for the purpose, but his own absence from home and protracted stay at Panama delayed the matter, and only in the early part of the present year (1889) did the specimen reach me.
senfhug it, on the 8th of February last, he wrote to me that it was collected in Guayaquil on the 11th of January, 1886, on sheets of clean cloth, by Senor Ancisar Montalvo . . . Mount Tunguragua had been silent for over a century; on the 11th of.
On a Sec January, 1886, began its eruption, and it continued in eruption till November of the same year." The volcano in question-about 16,500 feet in height-is one of the great mountains of the Eastern Cordillera of Ecuador, lying some 50 or 60 miles south and a little east of Cotopaxi, in between 1° and 2° of south latitude, and about 85 or 90 miles in a direct line from Guayaquil on the coast of the Pacific, where the specimen of ash was collected. The appearance of the regular cone-shaped summit, rising directly from a plain of only 5700 feet above sea level, is described as very striking, crowned with perpetual snow, and resembling in aspect Cotopaxi. The most notable eruption recorded was that of 1777. The mountain was long classed with apagados or extinct volcanoes, although from time to time during the last century several explorers have reported " smoke " as seen issuing from the summit. It is generally believed in the surrounding country that a subterranean communication,, following the line of the Andes, exists between this volcano and Cotopaxi, the one showing signs of activity when the other is in eruption, and becoming quiet when such eruption ceases.
The specimen of Tunguragua volcanic ash received by me had very much the same appearance as that of the Cotopaxi ash formeily examined-a very finely divided powder, of light brownish-gi ey oi fawn colour, a little lighter in shade than the Cotopaxi specimen. Under the microscope the same minute grains and spiculse were seen, having for the most part sharp, splintery edges and angles. The same general mineralogical character was observed essentially the debris of trachytic " andesite "-with apparently less difference m the colour of the felspar present, which was almost all white or colourless, and with fewer disseminated particles of magnetite and specular iron. There were some scales of what was probably comminuted vesicular pumice.
The specific gravity was found = 2*597 at 25° C., as compared with water at the same temperature.
The ash was fusible, though with difficulty, before the mouth blow pipe, or in a small platinum spoon or crucible over the blast, lamp, forming a greenish vesicular slag, red on the surface.
On being boiled with water it gave up 0*13 per cent, of soluble matter. This portion, soluble in water, consisted mainly of sodium sulphate and chloride, with a little of the corresponding salts of potassium and traces of yellowish-brown organic matter.
Treatment with dilute hydrochloric or even acetic acid produced quite noticeable effervescence. On digestion with gentle warming in rather dilute acetic acid, 3*36 per cent, dissolved, of which 2*83 per cent, was calcium carbonate, 0*31 per cent, magnesium carbonate, and the rest minute amounts of iron, aluminum, and the alkaline salts soluble in -water.
On being boiled with strong hydrochloric acid the ash (not having been previously treated with water or acetic acid) dissolved to the extent of 9*61 per cent., the solution having a dark yellow-brown colour, due to the presence of iron.
The material taken as a whole, i.e., without any previous mechanical separation of its constituent minerals, and without previous digestion with water or acid, but dried at 100° 0., gave on analysis the following results* 
99-87 besides the MgCOs and
CaC03 stated below.
On finding the carbonates of calcinm and magnesium, I was at first inclined to suspect that they were merely impurities, which had become mingled with the ash in collecting it-fragments of plaster from a wall, or something of that kind-hut from their pretty uniform distribution, which was ascertained by two or three separate ex periments, and from their fine state of division, no particles separately detectable by the naked eye being found, this does not seem likely, and it is rather to be supposed that these carbonates are present as minute particles of a magnesian limestone, torn away by the larger ejected masses from some portion of the inner surface of the crater of the volcano. A large part of the silver of South America is said to occur associated with limestones of Carboniferous age in the Bolivian and Peruvian Andes, but whether such rocks have been observed to extend into Ecuador I do not know.
As for the distinct trace of organic matter observed, this may in part represent ordinary dust swept down from the lower regions of the atmosphere, but was no doubt partly at least derived from the cloth on which the volcanic ash is said to have been collected, since a few cotton fibres were easily identified under the microscope.
It was proved, as in the case of the ash from Cotopaxi formerly examined, that the silver present in minute quantity could be dissolved out by boiling with an aqueous solution of ammonia, or of potassium cyanide, or of sodium thiosulphate, but was not appreciably extracted by nitric acid. Hence, as was remarked in the former paper, it seems Bischof, ' Elements of Chem. and Phys. Geology, translated for the Cavendish Society,' vol. 3, pp. 392-393.) B. 1,2, and 3. Analyses of dust from the great eruption of Krakatoa in the Sunda Strait, August 26 and 27, 1883. (' Report of the Committee of the Royal Society on the Eruption of Krakatoa,' p. 40.) 1, referring to the dust which fell at Krakatoa ; 2, to th at which fell at points within 100 miles from the volcano ; and 3, to a specimen which fell nearly 900 miles from the volcano volatile m atters are omitted, and the totals calculated to 100 parts. .9 9 -8 100-02 100-00 100 -oo most probable that the metal exists in the ash as silver chloride. No other heavy metal than iron and silver could be detected. The most scrupulous care was taken in proving that the silver did not come from any of the vessels or reagents employed. By carefully made assays, both in the dry and liquid way, it was found that the silver was present to the extent of about 1 part in 107,200 of the ash, or between a fourth and a third of a Troy ounce to the ton of 2240 pounds. This is rather a smaller proportion than was found in the Cotopaxi ash, which contained about 1 part for 83,600, or two-fifths of an ounce per ton. In both eruptions the fall of considerable quantities of ashes at points on the sea coast so distant from the respective volcanoes as Guayaquil and Bahia de Caraguez indicates that in the aggregate very large absolute amounts of silver must have been ejected and dispersed.
These two appear to be the only cases in which silver has been detected among the materials thrown out by volcanoes. Although the fact is well known that the chain of the Andes has for centuries yielded this metal in great abundance, it is worthy of notice that, to the depths as yet reached by mining work, Ecuador is less rich in valuable minerals, and especially the precious metals, than any other of the South American States. It has long been a mystery why a few liquids, such as solutions of soap and saponine, should stand so far in advance of others in l'egard to their capability of extension into large and tolerably durable laminae. The subject was specially considered by Plateau in his valuable researches, but. with results wT hich cannot be regarded as wholly satisfactory.
In his view the question is one of the ratio between capillary tension and superficial viscosity. Some of the facts adduced certainly favour a connexion between the phenomena attributed to the latter property and capability of extension ; but the " superficial viscosity" is not clearly defined, and itself stands in need of explanation.
It appears to me that there is much to be said in favour of the suggestion of Marangoni* to the effect that both capability of exten sion and so-called superficial viscosity are due to the presence upon the body of the liquid of a coating or pellicle composed of matter whose inherent capillary foi'ce is less than that of the mass. By
